The water content of foods influences the reproduction, metabolic activity and the ability of the micro-organisms present to survive and it is closely related to food preservation. For practical analyses, the effects of the water on microbial activity are studied by modifying the water effect by adding salts or sugars to the foods. But with such usual methods it is difficult to separate the effects on micro-organisms of salts, sugars, moisture and osmotic pressure. In this study, the water content was controlled by varying the ambient humidity.
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Many calorimetric studies of microbial activity have been reported from various view points. But so far there are no reports of the relationship between the metabolic activity of micro-organisms and the water content of foods. This paper introduces a method using calorimetry for studying the effect of water content on microbial activity.
The test organisms used were Aspergillus oryzae IAM 2630 as one of the popular moulds and Bacillus cereus IFO 3131 as a typical spore-forming bacterium. Spores of both organisms were used as the starting microbes because they are in a dry, powdered state, so the water content of the food is not influenced by the inoculation. Active dry yeast (ADY), commercially available from Oriental Kobo Co., Ltd., Tokyo, was also used to study the effect of the water content on its endogenous metabolism. The test material used was skimmed-milk powder (Meiji Nyugyo Co., Ltd.). A study of a starchy sample took much time and showed small heat effect, so it is not described in this paper.
A series of samples with selected water contents were prepared by placing skimmed-milk powder and ADY in desiccator hygrostats which contained saturated salt solutions at selected humilities as reported elsewhere (1) . After an equilibrium was established between the water in the sample and the ambient relative humidity, the relative humidity divided by 100 was taken as the water activity of the sample. The cell water was measured as the decreased weight after heating for 5hr at 105°C and is expressed as dry weight. Calorimetric experiments were performed at 30°C with an LKB 2277 BioActivity Monitor (2). The calorimeter vessel was a cylindrical glass ampoule with a diameter of 12 mm and a height of 35 mm. For the experiments the culture vessel was charged with 200 mg of samples which were then adjusted to the desired water contents. Microbial spores (1 mg) were mixed with skimmed-milk powder in the vessel. Vessels with the samples and the reference were sealed with aluminum lids using an ampoule sealer. After thermal equilibrium between the sample and the calorimeter was attained, measurements were started. Anaerobic experiments were performed by filling the vessel with nitrogen gas before sealing. Figure 1 shows the heat effects followed by the growth and; or metabolism of A. oryzae in skimmed-milk powder with high water content. Much heat was produced under aerobic conditions. Little heat was produced under anaerobic conditions. Skimmed-milk powder without A. oryzae showed small but continuous heat production. This may be due to the denaturation of skimmed-milk powder associated with moisture sorption. Figure 2 shows air consumption measured with an oxygen electrode under almost the same condition as the calorimetric measurement for the spores of A. oryzae in milk powder with different water contents as in Fig. 6 . Oxygen consumption increased as the water content of milk powder increased indicating an increase in metabolic activity of the spores. The results shown in Fig. 2 suggest that the large heat production in Fig. 1 reflects the aerobic metabolic activity of the sample with high water content. In this instance, cell growth was not observed microscopically. As the power measured by calorimetry is proportional to the rate large endogenous metabolic activity, significant heat was produced from the initial stage in the order of the water content. The small peaks which appeared late in (a) and (b) may be due to the autolysis of organisms. The heat production associated with the endogenous metabolism was not observed for the ADY whose water content was less than about l9° o corresponding to Aw 0.8. Figures 4 and 5 show the heat effect of A. oryzae and B. cereus with the milk powder. Rapid heat production was observed for A. oryzae and the peak height of the curve decreased as the water content decreased. Heat effects observed at 0 hr may be due to the heat produced during the thermal equilibration. In contrast to A. oryzae, B. cereus had a long induction period before the heat was produced. When air was introduced by opening the lid temporarily, heat was produced and continued until the air was exhausted. Figure 6 shows the time courses of heat evolved by microbes at the various water contents obtained from the peak area under the power-time curves of Figs. 4 and 5. The curves show that the water content of the samples affected the rate of heat production but did not affect the total amount of heat except at the lowest water content. Figure 7 shows that the relative metabolic rate obtained from the linear slope of Fig. 6 increased as the water content increased. The interception on the horizontal axis of Fig. 7 indicates that the water contents of spores needed for metabolic activity were more than about 20°c (Aw 0.84) for A. oryzae and 40°c (Aw 0.93) for B. cereus. These values were close to those reported in microbial growth experiments (3) (4) (5) .
The results described above demonstrate that Calorimetry gives the detailed information needed to study the relationship between microbial activity and the water content in food under both aerobic and anaerobic conditions without cell multiplication. with skimmed-milk
